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THE PROBLEM OF THE POSSIBLE HEALTH HAZARD OF LIAD- 


LAWRENCE 


ry 


fie Hyarentc IMPORTANCE OF 
PROBLEM 


ITHIN recent years a 
process has been developed 
and applied in the silk indus- 
try which relates to the weighting of 
silk goods by means of lead salts. 


THE 


hew 


Heretofore such material has been 
weighted with tin salts only. In the 


newer process the silk is first treated 
with tin chloride and then with sodium 
phosphate solution. It is next treated 
lead acetate and with 
sodium phosphate. By this means the 
soluble lead salt is converted to insolu- 
ble lead phosphate which is firmly 
aflixed to the silk. This is said not 
only to give greater weight to the 
material than is possible with tin 


with again 


sults, but is said also to confer certain 
mechanical advantages and greater 
= “1: 
durability. 
Vr} 
Whatever 


mechanical advantages 


kT . er - i 
Re ceived for publication September 12. 
»+) 





WEIGHTED SILK FABRIC* 


T. FAtRHALL AND J. 
From the Department of Physiology, Harvard School of Public Health, Boston, Mass. 


ol? 





WILLIAM [lem 


may aecrue from this form of treat- 
ment, the question arises regarding the 


effect of such leaded silk upon the 
health of the wearer. During the 
past six or seven years, 100,000,000 


yards of silk fabries containing lead 
have 
reported of any deleterious action. 


been marketed with no cases 
This is not sufficient, however, to give 
complete assurance regarding its harm- 
It is necessary to know if 
or under what the 
salts may become soluble, and if ab- 


lessness. 
conditions lead 
sorption of such salts through the 
skin can oecur in individuals wearing 
the material and can, therefore, con- 
stitute a health hazard. The present 
investigation was undertaken to find 
an answer to these questions. 


QUTLINE OF INVESTIGATION 


While the possibility of lead poison- 
ing from silk weighted with insoluble 
lead salts would seem remote, we lack 


direct experimental evidence sufficient 
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{0 support such a conclusion. It is 
true that three principal factors would 
lead poisoning from 
this source, 7.e., the lead salts in the 
silk are extremely insoluble, these 
salts furthermore are strongly ad- 
sorbed on the fabrie base (either on 
the tin-fibroin, or on the fibroin itself), 
and, finally, competent modern 
authorities (1) (2) (83) agree that cu- 
taneous absorption of soluble (not to 
mention insoluble) inorganic lead salts 
Therefore, if absorption 


weigh against 


is unlikely. 
through the skin is to occur, the in- 
soluble salt must first be converted to 
soluble form. 

There is the possibility that the 
insoluble lead salts in the fabrie could 
he converted to a soluble form by 
body fluids, such as 
perspiration and urine, and this, too, 


contact with 
requires investigation. 

Therefore, an experimental study 
was made to determine (a) whether, 
or under what conditions, body fluids 
would affect the lead salts in silk 
fabries, and (b) whether any absorp- 
lead individuals 
wearing such material. 

The solubility of the lead salts in 
lead-weighted silk was determined in 


tion of occurs in 


variety of fluids—perspiration, urine, 
tup water, distilled water, physiologi- 
eal saline solutions, and saliva—under 
normal the usual de- 
eree of acidity of these fluids) as well 


as under abnormal acid and alkaline 


eonditions (nt 


conditions. The question of the ab- 
sorption of lead was investigated by 
examining the urine and feces of in- 
dividuals wearing garments made from 
silk that 


into direet contact with the skin under 


lead-weighted would come 
under 


The 


normal eonditions as well as 


“nusual eonditions of exereise. 


experiments were made during ho; n] 
weather, so that every facility yo, - 
given for any possible effect. - 
Mertruop or ANALYSIS . 

In general the chromate method of = 4 


analysis (4) (5) was followed, with such 
modification as was necessary fo) 
larger amounts of lead than are found by 
clinically. Where there was the possi- 
bility that the lead would be presen; . 
in such form that it might escape de- 
tection or determination (for instance. ( 
as silicate) the ash was treated with 0 
hydrofluoric and sulphurie acids. The 
residue was then dissolved in concen- ( 
trated potassium hydroxide, diluted, 
and the lead precipitated from the 
dilute solution with hydrogen sulphide, 
This permitted separation of the lead 
from the tin which was invariably 
present, since the latter remained 
dissolved as potassium sulphostannate | 
in the potassium monosulphide solu- 
tion. The lead was finally converted 
to chromate and titrated with sodium -_ 
thiosulphate. In many cases it was 
necessary to resort to a micro method 
(6) where the presence of extremely 
minute traces of lead was in question. 


SOLUBILITY OF THE LEAD-WEIGHTIN! 
SALT IN VARIOUS MEDIA 


Both lead phosphate and lead sili- 
eate are extremely insoluble in pure 
water. While both may be present 
in lead-weighted silk, it is quite likely 
that lead phosphate is the predominat- 


ing salt. Its solubility in pure wate? 


at 20°C. is 0.00014 gram per liter 
Compared with this, barium sulphate, 
say, (solubility 0.00173 gram per lit’ 
at 2°) is more than ten times as soluble 
The solubility of lead phosphate 
neutral body fluids containing pho> 


7" 








shates is naturally much less, but 
odie organic acids on the other hand, 
ich as laetie acid (7) as well as min- 
opal aeids (8) inerease its solubility. 
The most acid body excretion is un- 
joubtedly urine. Perspiration is nor- 
sally slightly alkaline, but on admix- 
aye with sebaceous material may 
necome slightly acid. 

In order to determine how much 
soluble lead could be formed under 
viven conditions, experiments were 
eopried out as follows: Six-inch squares 
of lead-weighted silk were placed in 
dasks together with measured amounts 
of liquid, securely stoppered, and ro- 
‘ated at body temperature in an 
electrically heated water bath over 
‘hree-hour periods. In some 
‘his was extended to twelve to twenty- 
our hours. On removal from the 
ath, measured portions of the sus- 
pension were taken for analysis and 
the remainder filtered in order to de- 
the dissolved lead. It is 
quite impossible to filter these slightly 
opalescent suspensions through ordi- 
nary filter paper, or even through har- 
dened filter paper under pressure so 


ases 


termine 


- to obtain a clear filtrate, owing to 
‘heir colloidal character. <A trace of 
ispended material is always visible 
nd it would be wrong to evaluate 
| dissolved lead. Therefore, 
ihe suspension was filtered through a 


] 
{ 
')] ‘ ‘ 
ls as 


/sismondy! membrane filter under 
pressure with magnetic stirring. Un- 


der a pressure of 300 to 400 pounds 
yer square inch of nitrogen gas the 
was absolutely clear. About 
of filtrate per hour could be 
tained in this way. 

The liquids used require but brief 


Cl4 . i 
race 


2) cc. 


\pparatus of Membranfilter Gesell- 


it, m. b. H. Géttingen. 
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notice. Saliva was obtained from 
various individuals and pooled. It 
was centrifuged and only the clear 
portion used. Normal urine of vari- 
ous pH values was used, as well as 
urine to which either acid or alkali 
had been added so as to exaggerate the 
pH value. In the ease of alkaline 
urine the precipitated phosphates were 
filtered out and only the clear liquor 
used. The saline solution was normal 
physiological salt solution. 

It was found to be impossible to 
filter the very acid or very alkaline 
liquids containing suspended lead salts 
in the pressure membrane filter appar- 
atus, as a lead alloy composing part of 
the apparatus was attacked by the 
acid or alkali under these high pres- 
sures and lead carried into solution. 
This was proved by filtering pure, very 
dilute solutions of hydrochloric acid. 
With neutral solutions, however, no 
lead was carried into solution and the 
negative or low results that were 
obtained in these are all the 
more impressive. The very acid or 
alkaline solutions were simply centri- 


Cases 


fuged at as high speed as possible, and 
although still very slightly turbid, the 
lead obtained was called ‘dissolved 
lead.”’ As they are of no practical 
physiological significance, this 
considered justifiable. 


Was 


These various results are summar- 
ized in Table 1. Two facts are out- 
standing with respect to these figures: 
(a) in neutral solution the amount of 
suspended lead is small, and (b) in 
neutral solution of dis- 
solved lead is either negative or so 
extremely that 


neces- 


the amount 
minute in amount 
microchemical investigation is 
sary in order to show its presence. 
The delicacy of the micro method for 


r 
. 
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lead under favorable conditions is 
given by Emich (9) as 0.0L micro- 
gram, or 0.000,000,01 gram. Where 
micro tests could be obtained it was 
only with the utmost care and they 
always indicate certainly less than 
0.01 mg.—a wholly negligible amount 


TABLE 1. 


chemical methods. These amounts 
are wholly insignificant from a clinica] 
point of view. Even if absorptioy, 
through the skin could occur, the 
amount of soluble lead that would hy 
available for this purpose would }y 
without significance. 


AMOUNTS OF LEAD REMOVED FROM LEAD-WEIGHTED SILK py 


VARIOUS FLUIDS 


FLUID 


go 
Perspiration 

Perspiretion 

Perspiration 

Perspiration 

Distilled water 

Tap water. 

Saliva 


Saline solution 


I 


aline solution 


S- 


aline solution 


St. 


aline solution 

RN ne eer, eae a ee ee ee Leh 
Trine 

Fe 2 i de 

‘rine 

‘rine 

‘rine 


l 
l 
{ 
Urine 
{ 
| 
| 
[ 


‘rine 


MILLIGRAMS OF LEap 


pH J PER 100 c.c, 
| Total Dissolved 

eee 7.6 3.60 Niiero 
eee | 6.5 | 1.61 Micro 

6.8 0.62 

732 3.04 

6.8 0.30 | 
eae cee 0.476 Micro 
ere = 0.448 | | 
eas: 6.9 0.047 Micro 

9.3 0.64 

q.2 0.08 ae 

6.2 0.32 Micro 

3.22 (0.100) 0.105 

8.8 — 1.89 Micro 

s_0 0.089 Q O05 

7.0 0.064 = 

6.8 0. OS4 \licro 

6.5 0.064 | 

6.2 0.317 Micro 

6.2 0.56 

i.2 2.47 Mier 


| Micro indicates a positive test by microchemical means. 


> pil = 6.6 after equilibrium. 


of lead from a elinieal point of view. 
These results averaged and grouped 
somewhat differently are shown in 
Table 2. 

l'rom these figures it is apparent 
that normal body fluids or other fluids 
that might normally come into contact 
with the silk material ean take into 


frue solution amounts of lead that ean 


be detected only by painstaking micro- 


FFECT OF PERSPIRATION 


One of the subjects earried out exe 
cises in a psychrometrie room 
temperature of 96°F. and humidit: 
60 per cent, for the purpose of causl 
profuse sweating. Underwear sit 
rated with perspiration in this way 
wrung out, the sweat collected, 
lead determined both as suspe! 


lead and as. dissolved lead. 1! 











,mount of suspended lead varied from 
one experiment to another owing to 
‘he difficulty of duplicating the wring- 
yo and also due to the fact that some 
»yrments had been previously washed 
yore than others. The average 
amount of suspended lead, however, 
was 1.83 mg. per 100 e.c.—a higher 
-alue than that obtained with distilled 
or with tap water and very likely due 
the more vigorous mechanical 
sion of wringing. However, the 
syouut of lead in true solution was 


TABLE 2.—AVERAGE AMOUNTS OF 
LEAD SUSPENDED AND DIS- 
SOLVED AT A NORMAL 
PHYSIOLOGICAL pH 


| MILLIGRAMS OF 
LEAD PER 100 c.c. 


FLUID ——— 
rm Dis- 
Total | . 

solved: 

Urine (pH 6.5 to 8.0).....| 0.075 err 
I ea re eae | 0.047 | Micro 
POTEOITETION®. ..cccc neces el BABB | seseccs 
Physiological saline......| 0.08 | ...... 
Pats WREGT... . «os cccuccac 0.448 Micro 
Distilled water......... Micro 


| 0.476 | 
' Micro indicates a positive test by micro- 
hemical means. 
*Perspiration wrung out of silk goods 
‘aturated with perspiration. 


only the trace detected by microchemi- 

cil means. It is obvious, therefore, 

‘hat perspiration exerts no solvent ac- 
n upon the lead salts in the fabrie. 


LEAD FROM 
LEAD-WEIGHTED SILK GARMENTS 


i) ABSORPTION OF 


Regardless of any solvent action of 
various fluid media, the crux of the 
Whole investigation rests in whether 
people can absorb lead by wearing 


ead-weighted silk If ab- 


garments. 
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O21 


sorption can occur, there is the possi- 
bility of injury. If no absorption 
occurs, the material from this point of 
view is indubitably harmless. 

In order to test this very vital point, 
four subjects (women) were chosen, 
varying in age from seventeen to fifty 
years, and in weight from 105 to 169 
pounds. ‘They were subjected to tests 
over a period of two months. Lead- 
weighted silk was bought in the open 
market and analysed for lead. <A 
seamstress then made up the material 
into underwear and nightgowns. 
Meanwhile, the urine and feces of the 
subjects were collected for twenty- 
four-hour periods five times a week and 
analysed over a fore-period of two 
weeks in order to determine whether 
or not they were excreting so-called 
“normal lead.”’ 

Following the preliminary period, 
the subjects wore the lead-weighted 
silk underwear and nightgowns for six 
weeks. Thus, they were exposed to 
lead-silk twenty-four hours per day. 
Twenty-four-hour specimens of urine 
and feces of each subject were analysed 
three times a week during this period. 

As part of the second period, two of 
the subjects exercised under conditions 
which promoted profuse sweating— 
one in the open air and the other in a 
psychrometrie room where tempera- 
ture and humidity control was possi- 
ble. 


made especially rigorous. 


The conditions of analysis were 
The 
terial was, of course, completely ashed 
and the ash analysed as usual. At the 
stage where lead chromate is ordinarily 
precipitated, the potassium chromate 
may yield no trace of precipitate 
under ordinary light if the amount of 
lead is in the neighborhood of 
of a milligram. 


na- 


1 
1Oog 


A small, blackened 








TABLE 38. 
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6 


6 


6 


6 


6 


32 | 


oe | 


DATE 
1-32 
2-32 
3 
6-32 
Q 
9-32 
10-32 
12-32 
13-32 
14-32 


SUBJECT 
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ANALYSIS OF URINE AND FECES OF SUBJECTS WEARING LEap. 


H | 1,500 





I | 600 
J 500 
Ix | 150 
| 
H =| 1,500 
| | 500 
J | 400 
kK | 550 
H | 2,000 
| 500 
J 400 
Ix S00 
H | 2,000 
f | 6500 
J | 450 
IX | 200 
He =| 2,000 
| | SOO 
J | 2,000 
K 300 
Hl =| 2,000 
| | 900 
J 900 
a 400 
He =6| 1,200 
I | 500 
a 500 
ly | 500 
HI 
J 
He 86} «61,500 
| SOO 
J 1.000 
ly SOO 
a 2 O00 
| 1.000 
J SOO 
ly B00 


'Volume | Lead 























WEIGHTED SILK GARMENTS 
URINE | FECES 
a yee | REMARKS 
| Lead | 
j 
I. Normal period 
| ; ak oa a ti, 
None | | No feces received. See 6-12-32. 
None | None | 
. | ¢ | 
| None | None | 
' None | None 
| None | None 
| None | None 
| None | None 
| 2 
| None | None 
| 
| 
| | 
| None | None 
None | None 
| None | None 
| None | None 
| None | None 
| None | None 
None | None 
None None 
| | 
None | None 
5 | ‘ | 
| None None | 
| None None | 
None None 
| None No feces received. See 6-12-32. 
| None None 
| None None | 
| None None | 
; oa 
None | None | 
| | 
None | None | 
None None 
None None | 
None | Feces to substitute for 6—9-32. 
None | Feces to substitute for 6—1-32. 
None None 
None None 
None None 
None None 
None None 
None None 
None None 
None None 
5. 3,4 
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TABLE 3.-ANALYSIS OF URINE AND FECES OF SUBJECTS WEARING LEAD- 



































- WEIGHTED SILK GARMENTS—Continued 
| URINE | FECES | 
paTE | SUBJECT | —_— | REMARKS 
| Volume | Lead | Lead | 
II. Silk-wearing period 
6-15-32 H 2 ,000 None | None | 
800 | None | None | 
J 600 | None None 
Ix 700 None None | 
6-17-32 | H 1 ,000 None None 
I 1 ,000 None None 
J | 800 None None | Urine ammoniacal. 
Ix 600 None None 
6-20-32 H 2,000 None None | Further tests of feces negative. 
I 800 None No feces received. See 6-21-82. 
J | 1,200 | None | None 
Ix 500 | None None | Further tests of urine and feces nega- 
| tive. 
| | | 
6-21-32 I | | | None | Feces to substitute for 6-20-32. 
| | 
| | | 
6-22-32 H | 2,000 | None | None | Further tests of feces negative. 
I | 600 | None | None | Further tests of urine negative. 
J | 700 | None | None 
Ix | 500 | None | None | Micro analysis of urine and feces. 
| | | | 
6-24-32 | H | 1,500 | None | None 
| | SOO | None | None | Further tests of feces negative. 
J | 600 | None | None | 
Iy | 600 | None | None | Further tests of feces negative. 
} 
27-32 iH 2 ,000 | None _ None | No feces received. See 6-28-32. Fur- 
| | | ther tests of urine negative. 
| | 600 None | None | Further tests of urine and feces nega- 
| | tive. 
J | 1,200 None | None | Micro analysis of urine. 
K | 600 | None | None | 
| | | | 
6-28-32 H | | | None | Feces to substitute for 6-27-32. 
tee ane ae 
6-29-32 H | 1,500 | None | None | 
I | 500 | None | None | 
J | 700 | None None | 
Iy | 500 | None | None | 
(— 1-32 H | 2,000 | None | None 
I | 600 | None | None 


J 1,000 None | None 
‘ 500 None None 














TABLE 3.—ANALYSIS OF URINE AND FECES OF SUBJECTS WEARING LEap. 
WEIGHTED SILK GARMENTS—Continued 


~] 


“J 


~J 


~I 


~ 


~ 


~ 


DATE 
4-32 
- 6-32 
8-32 
9-32 
11-32 
13-32 
15-32 
IS—32 
19-32 


| SUBJECT 
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| URINE 


| 


FECES 


Volume | Lead | Lead 


| 











REMARKS 





II. Silk-wearing period—Concluded 


1,000 
900 
1,500 
5OO 


1, SOO 
600 
1,500 
500 





None 
None 
None 
None 


None 
None 
None 
None 


Ill. Exercise in 


2 , 000 
600 
1 O00 
700 


1.500 


2 , COO 
400 


500 


1 SOO 
500 


5OO 


1, SOO 
6HO0 
1,200 
600 


1,200 
400 
SOO 
5OO 


5OO 
L OOO 


None 
None 
None 
None 


None 


None 


None 


None 


None 
None 


None 


None 
None 
None 
None 


None 
None 
None 
None 


None 


None 


| 
' 


None 
None 
None 
None 


None 
None 
N one 


None 


Further tests of feces negative. 


silk-wearing period (I and hk) 


None 
None 
None 
None 


None 


None 
None 
None 


None 


None 
None 


None 


None 
None 
None 
None 


None 
None 
None 
None 


None 


Further tests of feces negative. 


For period 7-11-32, feces also analyzed 


for copper. 


Lost urine sample. See 7-19-32. 
Kor period 7-13-32, samples sent from 
Cold Springs Harbor. 


No samples received. See 7-11-82. 


Urine to substitute for 7-11-32. 
To substitute for 7-20-32. 
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TABLE 3.—ANALYSIS OF URINE AND FECES OF SUBJECTS WEARING LEAD- 
WEIGHTED SILK GARMENTS—Concluded 

















URINE FECES 
DATE | SUBJECT | REMARKS 
_ Volume | Lead Lead | 
III. Exercise in silk-wearing period (I and K)—Concluded 
7-9()-32 H | 1,100 | None | None | 
| | 600 | None | None | 
J | | No samples received. See 7-19-32. 
K | 500 | None | None | 
| | | 
7-22-32 H | 2,000 | None | None 
500 | None | None | 
J ' 1,000 | None None 
IX 400 None None | Further tests of urine negative. 
7-25-32 H _ 2,500 None None | 
I | 500 None None 
J 500 None None 
I | 300 None None 
7-27-32 H | 2 , 300 None None 
I | 600 None None Further tests of urine negative. 
J | 500 None None 
Ix 500 None None 
7-28-32 J 1,500 None None To substitute for 7-29-32. 
7-29-32 H 1,000 None | None 
I SOO None None 
J No samples received. See 7-28-32. 
Iy 500 None None 


wooden box was therefore constructed, 
pierced with a hole at the top for the 
idmission of reagent. A hole in the 
‘ide admitted a pencil of intense light 
rom a carbon are lamp. Under these 
conditions ,)» of a milligram of lead 
20 to 75 e.e. of water shows a clear 
cing of the beam (Tyndall effect) 
even in the presence of eight drops of 
“iclal acetie acid. 
iiter the solution before applying this 
and to use only re-distilled (opti- 
ally clean) water. Under similar con- 
‘tlons copper, which is invariably 


It is necessary to 


{ 





present in feces and usually in urine, 
gives a turbid precipitate of copper 
chromate and produces a pronounced 
beam in neutral solution or in solutions 
only slightly acidified with acetic acid. 
However, the turbidity produced by as 
much as 5 mg. of copper in 50 to 75 
e.c. of solution dissolves with eight 
drops of glacial acetic acid and the 
solution becomes optically — clear. 
Where, in this rather 
rigorous method, there was any doubt 
concerning the presence of lead, the 
material was subjected to a searching 


addition to 





*) , 
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The results 
obtained in this series of experiments 
are gathered together in Table 3. 
Inspection of Table 38 shows that 
no excretion of lead occurred in any 


microchemical analysis. 


of the subjects at any point during 
the entire experimental period. Even 
during the exercise period, when the 
subjects were bathed in perspiration 
with the silk in direct contact with the 
skin and thus every facility afforded 
for lead absorption to oecur, there was 
no trace of lead to be found in the 
excreta. This is surprising, of 
course, in view of what we have noted 


not 


in the early part of this report regard- 
ing the lack of evidence with respect 
to lead absorption through the skin. 
In fact, the experiments of Aub and 
\Iinot (10) show that even when lead 
salts are injected subcutaneously the 
absorption is so gradual that animals 
remain in good eondition and toxie 
symptoms develop very slowly, if at 
all. 

It might be argued that lead has 
been absorbed from the silk and de- 
posited in the tissues without being 
excreted at all, but this is contrary 
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to what we know concerning cirey]s¢. 
ing lead. Whatever the port of entp; 
in the body, Minot (11) has showy 
that while the degree of absorption 
may be greater from one source thay 
another, part of the lead is diverted 
and appears in the excreta. Urinary 
lead always indicates absorbed lead. 
Thus the excreta—particularly the 
urine—should be an ample index of 
lead absorption. ‘The results obtained 
in the experiments detailed above are 
wholly negative. 





SUMMARY 


The results of this investigation 
show conclusively that (a) the lead 
salts adsorbed or held mechanically 
on the silk fibers of lead-weighted silk 
are insoluble in all body fluids with 
which the silk would normally come 
into contact, (b) that no solublelead 
salts from this source come into con- 
tact with the skin, and (c) that no 
absorption of lead occurs even under 
extreme result of 
wearing this material in direct contac! 
with the skin. 


conditions as a 
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THE DETERMINATION OF A SINGLE INDEX OF ATMOSPHERIC 
CONDITIONS IN RELATION TO PHYSIOLOGIC EFFECTS* 


H. M. Vernon, M.D. 


INTRODUCTION 


Hk? atmospheric conditions 
which are known to exert a di- 
rect influence upon the human 

organism comprise the dry bulb tem- 

perature of the air, the wet bulb tem- 
perature, the degree of air movement, 
and the radiation from surrounding 

It would be extremely con- 


venient if we could combine these four 


objects. 


factors into a single measure, and the 
numerous investigations made during 
the last few years suggest that we are 
gradually but surely approaching our 
aim. It was shown by L. Hill (1) 
that a combination of the first three 
factors mentioned could be ascertained 
by means of the wet kata-thermom- 
eter, so.as to vield what he termed the 
wet kata cooling power of the air, 
while Houghten and Yaglou (2) com- 
bined them in relation to their physio- 
logie effects, so as to yield what they 
termed the effective temperature index, 
i. rule, 
agree well with the former one, or with 


‘ 
4 


This latter index did not, as 
the dry kata cooling power, partly be- 
eause of the influence of acclimatiza- 
tion, and we shall see that any index 
which may finally attain general ac- 
ceptance must necessarily take ae- 
eount of the acclimatization factor. 
Two main methods were used by 
Yaglou and his colleagues to ascertain 
the In 


method the subjects of experiment 


effective temperature. one 


*Received for publication Aug, 2, 1932. 
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passed to and fro between two cham- 
bers, in which different combinations of 
dry and wet bulb temperature and of 
air movement had been induced, and 
they ascertained what combinations 
caused the same sensations of warmth 
or cold. The other method consisted 
in determining the influence of various 
atmospheric combinations upon. the 
physiologic reactions of the body, as 
indicated by the heart beat and the 
rectal temperature, and the amount of 
perspiration. In order to obtain an 
adequate response in these reactions, 
it was as a rule necessary to employ 
such high effective temperatures that 
the subjects could not endure them for 
more than an hour or two, and very 
little attempt was made to ascertain 
the physiologic effects of moderate et- 
fective temperatures, except in respec! 
of comfort It therefore 
seemed desirable that systematic 0! 


sensations. 
h- 
servations at moderate temperatures 
should be made, and that at the same 
time regard should be paid to the fac- 
tor of radiation. 


IeXPERIMENTAL PROCEDURE 


were made two 
subjects (C. G. Warner and myself 
in a room 213 by 19 feet in area and 10 
feet in height, connected with a Car- 
rier air conditioning plant (3). The 
walls of the room were lined with 

two-inch layer of cork, and this greatly 


Observations by 


5.1. 
Nov., 1932 

















edueed heat conduction, but the con- 
ate floor of the room conducted a 
sood deal. Once approximate equilib- 
rium was attained, the thermostats 
kept the air temperature of the room 

2 steady level for hours, except that 


‘he dry bulb temperature oscillated 


owing to the alternate opening and 
closing of the steam valves. The plant 
was usually started at 8.30 a.m., and 
‘he aetual experiments were begun at 
spout noon. Exeluding preliminary 
‘rials, 32 experiments were made in 
winter (from December to March) and 
iS in summer (from July to August). 
Mach experiment lasted three hours, 
except those at an effective tempera- 
ture of 838° to 84°, which were for 
‘wo and one-half hours. One subject 
\.) performed 14,400 kgm.m. of work 
per hour by ascending and descending 
iwo steps 15 times per minute, while 
ihe other subject performed only the 
very light work required for taking 
lemperatures, exchanging gas bags, 
etc. In each half hour, subject W. 
‘tep-climbed steadily for twenty-five 
minutes during the last ten of which he 
He then 
rested for five minutes, during which 
(ime he took his reetal temperature 


breathed into a Douglas bag. 


and drank a measured quantity of 
slightly saline water. Since any cloth- 
ing worn by the subjects would be dry 
at the start but damp later on, and 
would therefore cause a variable heat 
loss, it was thought best to omit cloth- 
ing altogether (except shoes). 

The air velocity was the same in all 


4 
’ 


ie experiments, and kata-thermome- 
cr observations showed that it aver- 
iged from 46 to 49 feet per minute; but 


mM anne: ° P 
Ladaitional movement of air against 
+ 
>) 


( 


<In surface was indueed by step 
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climbing, and kata-thermometer ob- 
servations showed that the net air 
movement amounted to from 86 to 
93 feet per minute. 

In spite of the long preliminary 
warming up of the room, its walls and 
floor never attained the air tempera- 
ture. This was ascertained by read- 
ing a 6-inch copper globe thermometer 
(4), which responds fully to the radia- 
tion of its surroundings. It was found 
that, on an average, the globe ther- 
mometer temperature was 0.7° lower 
than the hygrometer (dry bulb) read- 
ing when the room was at 80° to 90°, 
and 1.5° lower when it was at 90° to 
100°. In ealeulating the effective 
temperature of the air this globe ther- 
mometer temperature was therefore 
taken in preference to the dry bulb 
hygrometer temperature. As regards 
the wet bulb temperature, it is known 
that if the dry bulb temperature is 
raised or lowered x degrees, the wet 
bulb is automatically raised or lowered 
approximately four-tenths of « degrees. 
A number of observations were made 
in still air and in moving air (270 feet 
per minute) with a hygrometer which 
was alternately exposed to and_ pro- 
tected from the radiation of a gas fire, 
and they showed that the radiation 
raised the dry and wet bulb tempera- 
tures approximately in the propor- 
tions mentioned, so the observed wet 
bulb temperatures were corrected cor- 
respondingly, when caleulating the 
effective temperature. 


DATA AND DISCUSSION OF RESULTS 


Pulse Rate 


The experimental results to be de- 
scribed are confined to the observa- 
tions made in moist air (approximately 








350 


96 per cent. saturated with moisture) 
and in dry air (40 per cent. saturated). 
‘Two to eight experiments were made at 
a wet bulb temperature of 70°, 75°, 80°, 
and S5°F., and the mean pulse rates 
observed are plotted in Figure 1 in 
relation to the effeetive temperature 
(calculated the basie seale). It 
will be seen that the winter pulse rates 
of subject W. 
work) are in very good agreement with 
the seale, but the summer rates are 


on 


(who performed heavy 


not, the pulse in dry air being dis- 
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average being 7.8 lower for subject \V 
and 4.8 lower for subject V.. The sum. 
mer pulse rate in moist air was only 
slightly lower than the winter rate, 
the average reduction amounting to 2.2 
and 4.2 respectively, so it follows tha; 
in summer the effect of humidity was 
substantially less than in winter. |), 
subject W. (who gave more reliable re- 
sults than subject V., because of ihe 
steady character of his mechanica| 
work) the summer pulse in moist air 
was only 5 beats less than in dry air, 




















tinetly lower than in moist air. In as against a difference of 10.6 beats in 
T Tt T T T 7 qT T = 
Winter Summer 
120+ 4 4 
Subject W. y 
P . 
re) 
1 10-r a* 4 
_s-o* 
© ~— 
= 100+ . 4 
o / 
5 Subject V. -. 
me 90r / 4 
ci 2% 
“ 4 
7 O74 
“ e oa 
80 _o ane a 
ads Moist air @ _— = 
° Dry airo 
70'+— 1. 41__ 1 4—— i 1 | 
65° 70° 75° SO” ss” 7O° 76” SO” 85° 
Kiffective temperature 
ia. 1.—Pulse rate in relation to effective temperature 


subject V., however, both winter and 
summer rates show a fair correspond- 
When the moist 
sir and dry air results were plotted out 


ence with the seale. 


in neccordance with the dry bulb tem- 
perature, the wet bulb temperature or 
the wet kata cooling power, they 
showed no correspondence. 

The seasonal effeet is best shown in 
the 


moist and dry air at a wet bulb tem- 


numerous observations made in 


perature of SO°. It will be seen from 
Table 1 that in both subjeets the sum- 
mer pulse rate, in dry air, was dis- 
tinetly lower than the winter rate, the 


winter. As the subjects were only 
nine or ten hours a week in the hot 
chamber they could not have been so 
thoroughly aeclimatized to the heat as 
miners who work underground at high 
temperatures for over forty hours 3 
week; so it is possible, though not prob- 
able, that thoroughly acclimatized sub- 
jects. would show the same pulse rate 
in air of all degrees of humidity. Judg- 
ing from the different reactions to we' 
and dry bulb temperature, the latter 
would be bound to exert some effec! 
unless the whole of the body surface 1s 


covered with a layer of moisture, anc 
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y °\BLE 1—PULSE RATE IN RELATION TO HUMIDITY AND TO SEASON 
\- ~ = Ne a eae ar pena icicles ethene ieimnibtindinanlaeneaiaanieadiaiainhcierinabeianabiaieaenmaiietiamatnamaianaammenatateminiaamnan ceiabeaibacaehsabidadeneiacuaines teammates meeniceen aeediieaeniaaae 
AIR TEMPER-| PULSE OF SUBJECT DOING HEAVY | PULSE OF SUBJECT DOING 
ATURE | WORK | LIGHT WORK 
j 
| | ra les 
Z a 2s 
a | 1 S32 
SON AND | | lon « = St 
. UMIDITY | | fhe Li 
2/2 © | ist | =< 
cae isa | Sa 
on = > 3 m ~ ty i 
wae ee Tae Dae 
A|e| 8 | = a 
8 | . | ° eee fp i pee 
Vinter 
| | 109, 107, 110,| ,.. 86, 90, 82 
oist air. ..80.479.6.76.7 ee 2> 108.2 ae dace » 82.2 
a po") 108, 108, 107, 17,76 | | 
| |. | 119, 122, 118, 116 ) 94,91, 99, 86 | 
ry air.....99.0:79.6 84.2) Pick ma. ; > 118.8) 10.6 iy , aa? oe ee 9 6 
Dry a fe OO%-! 121, 120, 117, 117, 98, 91, 87, 88 
Summer | . | 
| 107, 104, 104, 73, 78, 78, | 
t air. .|80.5'79.9\77.2 F ig ’» 106.0 alas , > 72.8 
| ' 110, 105 J (9, 82 
111, 111, 107, 91, 86, 90 | 
Dry air 99.1'79.5\84.2 th / >> 111.0 5.0 + 1, 87 0 90 
1 113, 114, 110 | 86, 87, 82 { 
Reduction of 
pulse in 
summer: 
loist air. . 2.3 4.2 
Dry air.... 7.8 4.8 
\BLE 2.—PULSE RATE INDICATING THE DEPENDENCE OF ACCLIMATIZA- 
TION ON DRY BULB TEMPERATURE 
a suBJEcT W. SUBJECT VY. 
se rEMPERATURE 
()} ~ : ; 
ss Si cttires Pulse Pulse Pulse Pulse 
EXPERI- . bn . 
MENTS Dry Wet when when Diiter- when when Di: ‘er- 
Bulb sulb Unaecli- Acclima- ence Unaecech-|Acelima-| ence 
matized tized matized , tized 
77.9 44.1 107.8 105.8 — 20 75.8 79.3 + 3.5 
Sd. 72.0 108.0 103.2 — 48 92 4 S65 — 5.9 
89.7 73.0 123.8 108.4 —15.4 99.5 85.6 —13.9 


ibjected to fairly rapid air cur- 
earlier ones. 
three-hour 


‘he acclimatization effect is gradual four preliminary 


onset, as was shown by compar- ments at a temperature of from 





ing the latter results obtained w 
Though subject W 


ith the 
_ made 
experi- 


wh? \e, 


( ine) 








Od2 


84° before starting on the main experi- 
ments, he was insufficiently acclima- 
tized. Thus we see from Table 2 that 
his pulse rate was from 2 to 15.4 beats 
slower in the later experiments than in 
the earlier ones. The differences of 
rate show that the acclimatization ef- 
fect was dependent on the dry bulb 
temperature of the air to which he was 
exposed and not to the wet bulb tem- 
perature. Subject V. showed a similar 
response. 


Other Physiologic Reactions 


The body temperature responded in 
the same way as the pulse rate, for 
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the crest of the ilium). Cheek tez. 
peratures corresponded closely wit), 
forehead temperatures, so the res}. 
obtained probably hold for the whol. 
face. The chest and side results wep 
combined and taken to represent trun}; 
temperatures, and we see from Figyy 
3 that they differed greatly from thp 
face temperatures. The face tempera. 
tures corresponded fairly well with th 
effective temperature scale, and _ stil! 
better with the dry bulb seale; but the 
trunk temperatures show no agree- 
ment whatever with either scale. 
ing to the greater evaporation of mois- 
ture provoked by the dry air than the 





(iy. 
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| aoe" Moist air 6 a 
e 
| Dry air oO 
99-5? 4 1 1 n 1 4 —_ i 
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Effective temperature 
hic, 2.—Body temperature in relation to effective temperature of air 


we see from Figure 2 that in both sub- 
jects it agreed well with the effective 
temperature scale in winter, but that 
so far as concerned subject W.—it did 
not agree well in summer. In both 
subjeets the mean rectal temperature 
was from 0.12° to 0.14° lower in sum- 
mer than in winter. 

‘The skin temperature was taken by 
means of a Moll thermopile, the instru- 
ment being held a quarter of an inch 


from the forehead, the chest (between 


’ 
’ 


the nipples), and the side (just above 


moist air, the cooling effect on the skin 
surface of the trunk was sufficient to 
induce a fall of about 2° in tempera- 
ture, while this temperature was no less 
than 7° below that of the face. Th 
cooling effect of evaporating moistur 
on the skin surface was observed }) 
Liese (5), who found that the forehea’ 
of a subject was 2° cooler when /i 
was performing mechanical work 
temperature of 83°) than when he was 
at rest. 


rh , = 
The energy expenditure of sub) 














A SINGLE INDEX OF ATMOSPHERIC CONDITIONS 











‘™M- 

“sh 100° Face 

Its 

Ole 

re 

nk 

Te Wet-bulb temperature 


Skin temperature 


| 1G, 3. 


Ounces of moisture lost per hour 





Trunk 


Moist air in winter © 


D ry 


., Summer @ 
, Winter o 
». &ummer O 

































85° { I i 1 l I I = 
70° 75° 80° 85° 70° 78” 80° 65° 
Oo Bane 
: Dea ~ B 
95°F ae “ 
-“e 
+ 
“ 
"al 
90° & 4 
Dry-bulb temperature 
85° Lu ! ! anal 1 t " ih. 
70° 80° 90° 100°} 70° 80° 90” 100° 
ce) O 
-*-8 
ao?” 
95°F aw “ 4 
ss"  e 
— ” 
: a 
90°+ ee 4 
Effective temperature 
e5°L4 N n ! \ r ! ! i 
65° 70° 75° 80° 85° 65° 70° 75° 80° 85° 


Temperature of air 


Skin temperature of Subject W. in relation to air temperature and humidity 





Subject W. 


Subject V. 

















“< _oO a - 
Be ae -e-~ = 
|= . e-- 
10F_ __uene = # Oo _-O Z 
® ra --O a 
ore ah 
us ae @ On ~~ 
e------- s- 
Ol Wet-bulb temperature a 
i J i 1 i 1 i 
° Cc U 
70 75° 80 85° 70° 75° 80° 85° 
20-r s MD od 
je . wee 
4 "hc 
@e- 
@ w.-%4 
10+ _.#-""® a SJ 
aa «a i 
e °@_--" OO 
a” o 
e---s~— 
O- Dry-bulb temperature 4 
| 1 1 i i 1 1 i 
nO c P 
70 80° 90° 100°} 70° 80° 90° 100° 
a a ae oe 
20+ a5 Moist air in winter e@ J 
-~@ ss ss SUMIner @ 
P _2>- Dry ,, winter oO 
- , oo 5. Summer O . 
10 ig a. oe a O _ x ~<4 
e-~" ; _-"s 
AS e 
_-O- ta 
. , @------- s- 
OF Effective temperature - 
= 4 4 1 4 l ail rl rl 1 
6S” 70° 75° 80° 85° 65° 70° 75° 80° 85° 


Temperature of air 


I'1G. 4.—Loss of moisture in relation to air temperature and humidity 











do4 


W. is recorded in Table 3 in terms of 
gross mechanical efficiency. It will be 
seen that it fell off very slightly with 


rise of temperature, both in moist air 


and in dry air. The results do not 
agree well with either the effective tem- 
perature seale or the wet bulb seale, 
but the differences are so small that 


they eannot be relied upon. Yaglou 


TABLE 3.—GROSS MECHANICAL EFFICIENCY IN RELATION TO HUMIDITY 


MOIST AIR 


} 
Dry Bulb | Wet Bulb | Effective ~ 
igh aa mat age Me- 
lemper- lemper- l‘emper- Santini | 
ature ature ature cae | 
‘ sf < ‘ ab , . ° i 
| Efficiency | 
. | 
! 
70.2 69.8 64.9 13.4 
10.4 74.8 71.3 13.4 
SO 5 TOS 77.0 | 13.2 
SO 4 S50 82.8 12.8 


TABLE 4.—MOISTURE 


LOSS IN 


Percent- 


results of seven consecutive experi. 
Table 4. 
were made in dry air, and the weig}; 
of moisture lost per hour (by subjee 
W). gradually increased. 
three were made in moist air, but ; 
first the loss of moisture was greater 


ments in 
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The | first 


f 
1OUrL q 


The next ' \ 





than in the initial dry air experimen; 1 
though it subsequently fell to aboy: 


DRY AIR 


| Dry Bulb) Wet Bulb! Effective 
‘Lemper- 


| Temper- | ‘Temper- 
ature ature 
S&S 69.7 
92.7 74.9 
QQ J 79.6 


TEMPERATURE OF AIR 


DATE OF 
EXPERIMENT 


°o 
el. () 

Q 99 
Dry air 
1] 99. 
13 QQ 
16 SQ 
Is Moist air SO 
() SO 


(6) found that a subjeet working a bi- 
eycle ergometer attained maximum 
mechanical eficieney at a temperature 
of about 60°. 

The loss of moisture by sweating is 
shown in Figure 4, and it will be seen 
that in both subjeets it corresponds 
with the effeetive 


vell temperature 


senle. Tlowever, it varies greatly with 


acclimatization, as is well shown by the 


Dry Bulb | 


(yy . 


~j] 
¥ ~I 
~J GJ 


mo 
a 


F 


a oe 
= 


Wet Bulb _ 


) . 
Percent- 
age \[e- 
chaniea) 


ature ; 
Ef 


7D l 13 ) 
79.3 13.2 
84.2 13 


RELATION TO ACCLIMATIZATION 


| 
LOSS OF MOISTURE 
IN OZ. PER HR. 


20.2 


— 
F 


half that shown in the final dry 


experiment. 


The subjeets recorded the fatigu 


induced by the experiments in terms ©) 


the following seale: 


Slightly tired... 


Moderately tired. .. 


: | ee 
Very tired 


Excessively tired... 








- 


er}. The summer results showed only 
Our Jjivhtly less fatigue than the winter 
ght ones, <0 they have been grouped to- 
ect vether and averaged in Table 5. It 
ext & will be seen that the averages are in 
at «ood agreement with the effective tem- 
ter nerature scale, while there is no agree- 
nt, & yent with the wet bulb or dry bulb 
ut ceales. The results make it quite clear 


‘hat at a given wet bulb temperature 
drv air induced more fatigue than 
) This result appears to be 
contrary to general experience, but 
apparent contradiction may de- 
In hot and moist 


moist alr. 


= 
the 


Aa 


pend on clothing. 


TABLE 5.—FATIGUE IN RELATION TO EFFECTIVE TEMPERATURE 


WET BULB 
TEMPERATURE | 


DRY BULB 
[EMPERATURE 


70.2 69.8 6 
70.6 74.8 7 
88.7 69.7 7 
80.4 79.8 vf 
9? 6 74.8 rh 
85.4 85.0 8° 
99] 79.5 


sf 
air the 


clothed man feels uncomfort- 

le as the perspiration from his skin 
evaporates but slowly, and he feels un- 
pleasantly damp, while in dry air 
evaporation is so much more rapid that 
he usually feels his clothing to be dry. 
in our experiments, however, the ques- 
discomfort from clothing did 


nol enter, and we scarcely noticed 


fad 
+ 


ion of 


Vhether the skin was moist or dry. 
Taking the results as a whole, it is 
evident that both for the heavy-work- 
and the light-working subject they 
‘zree with the effective temperature 


LPO lO 
it, 


and disagree with the other 


ies; but it is to be remembered that 
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this conclusion is subject to a substan- 
tial correetion of the seale for acclima- 
tization. We ourselves were not able 
to test the acclimatization factor very 
thoroughly, as we remained in the hot 
chamber for only a few hours a week, 
and, moreover, both the winter and 
summer weather, at the time the ex- 
periments were made, were of a mild 
type. A miner working in a hot mine 
in America, where the climate is usu- 
ally much colder in winter and hotter 
in summer than it isin England, would 
on this account tend to be more af- 
fected than we were; but on the other 


FATIGUE EXPERIENCED BY 


EFFECTIVE 
TEMPERATURE 


Subject W. Subject V. 


i) 2.0 1.5 
3 a 1.5 
l 3.2 2.0 
] 3.2 2.4 
5 3.5 2.6 
8 49 3.0 
2 44 3.3 


hand his long hours underground might 
largely neutralize the seasonal effects 
of surface temperature. 

As already pointed out, our tests 
were all made at the same air velocity, 
and it is unlikely that our results would 
have agreed so well with the effective 
temperature seale if they had been 
made at different air velocities. The 
results obtained by Yaglou (7, 8) at 
different that the 
physiologic reactions at high tempera- 


velocities showed 
tures did not agree well with the effee- 
tive temperature scale when the air 
velocity was varied. The best series 
of data recorded by him for subjects 








300 


performing heavy work show that in 
air of 350 feet velocity the average 
rates of increase of rectal temperature 
and of pulse were from 6 to 20 per 
cent. less than in still air. 


| 
} 


AIR | IN- WORK 
VELOC- | EFFEC- | RISE IN| CKEASE| PER 
ITY IN TIVE | RECTAL IN HOUR 
FT. PER| TEMP. | TEMP. | PULSE | IN FT. 

MIN. KATE LBS, 

0-15 90.1 1.32 40.7 | 146.500 

350 90 6 1.24 32.5 143.775 


Campbell and Angus (9), who in- 
vestigated the reactions of three rest- 
ing subjects at temperatures of 68° to 
95° in still 


feet per minute), with relatively dry 


and in moving air (480 
and moist atmospheres, found that the 
dry kata cooling power was as good an 
indicator of physiologic reactions as 
the temperature. Vernon, 
Bedford, and Warner (10) investigated 
the effeets of atmospherie conditions 


effective 


on coal miners, and as output deter- 
minations were useless for the purpose, 
they tested working capacity by not- 
ing the duration of the rest pauses 
taken by the men. ‘The first results 
showed a closer correspondence with 
the wet kata cooling power than with 
effective temperature or the dry kata 
cooling power; but subsequent results 
(11) showed a better agreement with 
the dry kata cooling power than with 
the effective temperature or the wet 
kata cooling power, though the differ- 
ence was not great. The observations 
on miners relate to 304 men, but in 
spite of the number of subjects it must 
be admitted that the test of working 
capacity is not thoroughly reliable. 
Evidently a good deal more experimen- 
tal investigation is necessary. 
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Observations on Clothed Subjects at Pe. 


Observations on clothed subjects 4; 
rest or performing light mechanije. 
work have been made entirely by es. 
timating the effect of various atmos. 
pherie conditions on bodily sensation: 
of comfort. The results obtained }. 
rarious investigators appeared eon. 
tradictory at first sight, chiefly }e- 
cause of the variable acclimatization 
factor. Vernon, Bedford, and Warne; 
(12) found that, in order to induce - 
given sensation of air movement. iy 
winter, it was necessary for the air to 
have a cooling power (as estimated 
by dry kata-thermometer) which was 
1 unit higher than that required in 
the summer. 











These observations were 
made by the investigators on them- 
selves, but a similar result was arrived 
at by questioning factory workers, 
from whom nearly 2,500 expressions of 
opinion were obtained. These work- 
ers experienced the same degree of 
warmth comfort in winter when the 
air was 5.1° cooler than in summer, and 
had a cooling power 0.8 unit higher. 
Somewhat similar results 
tained in America by Yaglou and 
Drinker (13), who made observations 
on a large number of subjects, chiefly 
students. They found that the optl- 
mum sensation of comfort was exper'- 
enced at an effective temperature 0! 
66° in winter and of 70.5° in summer, 
or 4.5° higher. In terms of dry bulb 
temperature, the optimum was 70° in 
winter and 75.7° in summer, or 5.7 
higher. 

It follows that neither the effective 
the 


were ob- 


temperature scale nor eooling 


power scale gives an absolute measure 
of comfort. Both seales must be con- 


sidered in relationship to the acclima- 











n+ 
d 


ation of the subjects, but it happens 
jyat the readings of the kata-thermom- 
sie are automatically corrected for 
acclimatization to a large extent, ow- 
ye to the form of the instrument. Be- 
ause of the smallness of its bulb it is 
uch more sensitive to variations of air 
ovement than the human body, and 
onversely, it is relatively less sensitive 
‘temperature. Now the human sub- 
‘oot. if tested by the usual effective 
‘emperature method of moving to and 
‘ry between two chambers of differ- 
ent temperature, is specially sensitive 
‘o such differences, but if tested by 
comparing comfort sensations in hot 
yeather and cold weather at an inter- 
val of months, it has lost much of its 
sensitiveness owing to acclimatization 

12, 14). 

As is pointed out by Yaglou and 
Drinker (13), the effective tempera- 
ture scale has never yet been tested at 
air velocities between 25 feet and 150 
feet per minute, but has been esti- 
mated by interpolation from observa- 
tions at velocities of 15 to 25, 150, 
300, and 500 feet. Recent observa- 
tions by themselves indicate that this 
interpolation is inaccurate. As the 
air velocities experienced in factories 
ire mostly above 25 feet per minute, 
and very seldom exceed 100 feet, it is 
evident that further investigation is 
most desirable. 

Dry kata-thermometer readings suf- 
‘er from the disability that they take 
no account of the humidity of the air 
s effective temperature does; but in 
Ungland the correction for humidity 
‘ usually so small as to be almost neg- 
gible. As the result of over 4,300 ob- 
“ervations in various factories, Vernon, 
bedford, and Warner (15) found that 
ue air was from 50 to 69 per cent. sat- 
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urated with moisture in 72 per cent. of 
the observations, and was 80 per cent. 
or more saturated only in 2 per cent. 
of them. 

Another source of error, and perhaps 
a greater one than the neglect of hu- 
midity, is due to radiation effects. So 
far as possible the kata-thermometer 
is protected from sources of radiant 
heat when it is used for measuring the 
cooling power of the air and the air 
velocity, but recent observations (4) 
show that it is almost impossible to 
radiation effeets altogether, 
though it is possible to measure them 
by means of the globe thermometer, 
and to make due allowance for them. 
A numerical example of such an allow- 
ance is given, but it is necessary for 
further observations to be made be- 
fore a simple table of corrections of 
kata readings for radiation is available. 
The correction of effective tempera- 
tures for radiation effects is quite easy, 
as was shown in the earlier part of this 


avoid 


paper. ‘The correction then applied 
was for the negative radiation tem- 
peratures experienced in the air-con- 
ditioning room. Positive radiation 
effects would be corrected for in the 
same way by adding on the effectual 
radiation temperature indicated by the 
globe thermometer instead of sub- 
tracting it. 


SUMMARY 


The physiologic responses of two 
subjects to moderate effective tem- 
peratures were ascertained for three 
hour periods. 
wet bulb temperature of from 70° to 
85° in moist air (96 per cent. saturated) 
and dry air (40 per cent. saturated). 
The pulse rate observed in the winter 
experiments agreed well with the effec- 


Tests were made at a 
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tive temperature seale, but not that 
observed in the summer experiments. 
Owing to acclimatization, the summer 
pulse was from 2 to 8 beats slower than 
in winter, the pulse in dry air being 
only 5 beats greater than in moist air 
of the same wet bulb temperature, as 
contrasted with the winter difference 
of 11 beats. 

The rise of body temperature varied 
in accordance with the effeetive tem- 
perature in winter, but not in summer. 
The skin temperature of the face 
varied approximately with the effee- 
tive temperature, but that of the trunk 
showed no sort of correspondence. 


The loss of moisture by perspirat 
varied closely with the seale. 

One of the subjects performed heay, 
mechanical work, and his efficiency 
fell off slightly with rise of tempers 


W\Yn 
1U)T) 


ture. The fatigue experienced varied 
in accordance with the effective tey 
perature. 

[t is pointed out that we may | 


|~ 


able to obtain a single index to repre- 
sent the physiologic response of {he 
body to the combined effects of dy, 
bulb temperature, wet bulb tempera- 
ture, air movement and radiation: by 
acclimatization must always be taken 
Into account. 
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pe QUANTITATIVE DETERMINATION OF FINE SOOT INHALED 
BY MAN* 


A. I. BURSTEIN 


4 


e Sanitary Hygiene Section of the Odessa Psycho-Physiological Station on the 


Water 


Transport, Odessa, Ukraine, U.S. S. R. 


()R measuring the concentra- 
tion of fine soot suspended in 


air, the method of filtration and 
iecessive weighing as employed in 
dust has not been 
extensively applied. The method is 
unsuitable for several reasons: an ex- 
amount of air must be sam- 

nied to obtain a measurable weight 


~~! 


determination 


CPSSIVe 


f{ soot, due to its low specifie gravity 


nd low weight concentration as 
ordinarily found in air; vacuum drying 
the 
dsorption characteristies of soot for 
vases; an admixture of other 
dusts may lead to exaggerated results. 


()ther methods for the determina- 


ust precede weighing due to 
| 


orner 


of weight coneentrations which 
are applicable theoretically are: neph- 
lometry, Tyndallmetry, and photo- 
iricestimations. In practice, how- 


the 


(> Oy ri ¢ 


eolorimetrie method has 
‘ound a greater application than these. 
The fine soot is eolleeted on white filters 
through them. The 


preparations are compared with a scale 


Cver. 


drawing air 


tandards and we thus make an 
estimation of the concentration of fine 
cé}. 
and others. ) 


(Rubner ()rsi 


¢), Brujewitseh (3) 


In the fir. 


It is unnecessary to speak here of 
| as 
e disagreement between the results 


tained by such a determination and 


ee ee come 11° . , nn 
eceivedforpubiication August 12, 1932. 





ee 
Sie, 


the true concentration obtained by 
the air. We 
have done this in sufficient detail in 
4 . | 

All that we 


weighing fine soot in 


other works (4 and 5). 
have stated concerning methods for 
the determination of 
rations of dust can be 


weight eoncen- 
certainly ap- 
plied to fine soot as weil. 

As with dust, the quantity of fine 
soot determined by the above means 
corresponds to the weight concentra- 
of fine the air thus or 
drawn the filter 
to the true concentration of 


tion soot in 


otherwise through 
but 


fine soot in the air in the given place. 


not 


Taking this circumstance into con- 
sideration, as well as the faet that from 
the point of view of hygiene, we are 
concerned with the quantity of fine 
inhaled by 


propose for the purpose of soot deter- 


soot man, we therefore 
mination the following method. 

A pump of our construction is Citl- 
ployed for the indrawing of the air 
under conditions simulating the work 
of the respiratory apparatus of man. 
The fine 


arranged in metal holders especially 


soot is collected on filters 
constructed by us for this purpose. 
The holder (hig, 1 ) consists of cl 
bent tube, A, the length of 
which is 10 to 12 em., with an interior 
diameter of 1.6 The 
of the tube is threaded at the end on 


nut, J, 


metal 


em. bent part 


which a is screwed. Before 
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the nut is turned on the tube, box C 
is inserted into it, bearing a ring inter- 
layer D, made of rubber or thin paste- 
board. The exterior diameter of the 
ring interlayer is 2 em., the interior 
1.6 em., and the body width of the 
ring is 2 A paper filter of 2 
em. diameter is put on the ring inter- 
layer. 


in. 

















ia. 2 


The filter of the above size is cut 
from filter paper by means of a punch. 
This paper must not be of a shagreen, 
Nonash filters, 
Swiss filters of Sehleicher and Sehull, 
filters of the Mendeleev’s Chemical 
Technical Institute, and the like, may 
be employed for this purpose. 

After screwing the nut tightly to the 
tube with the filter mounted as de- 


but a smooth surface. 


scribed above, the apparatus is ready 


for sampling. The assembled filter 
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holder is shown in Figure 2. The tube 
is so fixed that the inlet of its bent eng 
is directed perpendicularly downwards 
A rubber cork carrying a glass {ihe 
of 0.6 to 0.8 em. in diameter is jn- 
ducted into the other opening | 
rubber hose connects this glass tyhe 
with the driving tube of the pump. 
The pump is operated at a rate to 
imitate the natural ventilation of the 
lungs of a worker in the particular place 
under examination. 

Our proposed method (6) permits 4 
rate of sampling similar to the natura] 
rate of lung ventilation which would 
exist in the industrial 
under test. 

The filters usually withstand the 
negative pressure developed by the 
pump and rupture only in rare cases. 
If ruptured, they vield a leakage of 
solid particles and such 
samples must be discarded. 

The diameter of the pores of the 
filter paper is equal on the average 
to 1.5 to 3 microns while the particles 
of fine soot are from 0.25 to 1.0 mi- 
cron in size, 
ditions the particles may be 
drawn through the filter paper. How- 
ever, the negative pressure which is 
developed by the pump evidently 1s 
not sufficient to suck the particles 
through; and furthermore, after the 
first two or three strokes of the pump, 
the indrawn fine soot blocks up the 
pores of the filter, thus making it less 
permeable to the solid particles. 
Special experiments on the filtering 
efficiency of the instrument agains! 
soot have shown a high percentage 0! 
material retained. The experiments 
consisted in loading a cotton wool 
filter immediately behind the paper 
filter in the metal tube. 


surroundings 


defective 


Thus, under some con- 


soot 


Using differ- 











artificially created concentra- 
in the air, i 


| 
/ fine soot Wiis 
ble to discover any traces of 
the cotton wool filter, providing 
oy paper remained unpunetured. 
he completion of sampling, the 
unscrewed from the tube, and 

shtly pressing on the box, the 
sation of fine soot is pushed out. 

| reparation appears as a small 


of equally distributed soot, 

a diameter of 1.6 em. and an 
of 2. sq. em.' Around the circle 
-like portion of the paper remains 


uncoated The 


sticks so strongly to the paper that the 


With soot. fine soot 
ssnuples may be preserved between 
sof paper indefinitely. 

he volume of air drawn through 


‘he filter when sampling depends on 


ihe coneentration of the soot. With 
small coneentrations one must pass 
300 to 500 liters of air, while with 
large coneentrations LOO to 200 liters 


are sufhieient. 

Mhe color of the sample should not 
reich the degree of intensity of color 
densest) standard, otherwise 


()] He 
errors might arise in the ealeulation. 
filtrate ean be very easily COT- 
ed if the deeree of the attained 
of the preparation is examined 
lor 


CX- 


or twice during sampling. 
purpose it Is unnecessary to 
ihe paper dise, as it may be 
ned by turning the opening of 
terin the direetion of the light. 

Cale of standards is necessary for 


rson with the sample to esti- 


the soot) eoneentration. The 
rds ure prepared in the fol- 
manner: the flame of a small 


Hiter is made of a size 
ross-sections| S170 ()] both nostrils ()] 
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TO) correspond 





r+] 


lamp (of the spirits type) burning 
turpentine, is used to generate smoke. 
The soot in this flame is caught in 
an inverted porcelain cup or some 
After the 


soot is dried to a constant weight in 


other similar object. fine 
n drying chamber or over strong sul- 
phuric nei, ct Suspension of soot in 
chloroform is prepared containing | 
me. of fine soot per cubie centimeter 
of chloroform. Two weaker suspen- 
sions, one-half and one-tenth as strong 
as the initial suspension are prepared, 
The following three suspensions sare 
thus obtained: 


0.01 ce. of the principal SUSPeNSLon COon- 
tains O.O10 me. 


O.Ol¢.¢. of the second Suspension contains 


of fine soot. 


0.005 me. of fine soot. 
O.O1 coe, 
(00) 


of the third SUSPeNsion contsines 


me. of fine soot. 


With a miero-pipette the suspen- 
sions are heaped up on smooth What- 
1.) 
previously 


man paper, on which cireles of 


em. dinmeter have been 


drawn. The deposit is gradually dis- 
tributed in the given circle so as to 
form an equal coloring on its whole 
area. Phe ecirele colored in this man- 
ner is cut out with the aid of a punch. 
each suspension should be well shaken 
before filling the pipette. 

As a result of many experiments we 
eoneluded that the most useful seale 
of standard cireles should contain the 


following weights of fine soot: 


Q.O025 me 
()OO50 me 
Q.0075 me. 
Q.O100 me 


O.O150 me. 
1) OZOO me. 
0250 me. 
0300 me. 


Q.0350 me 
0.0400 me 
0.0450 me 
Q)Q500 me 


With 


quantity of soot which can be deter- 


such ‘4 senle, the iin 


mined securately corresponds to O.0025 
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e- 
~~ 
—_— 


bo 


me, and the maximum, 0.0500 me. 
lurther inereases of the deposit of 
fine soot do not give clearly distin- 
of 


more 


eulshed shade varintions, in view 


which one ought not to use 


In order to 
it 


concentrated standards. 
obtain the 
necessary to use the weakest suspen- 


first four standards Is 


sion, taking from it 0.025, 0.05, 0.075, 


pa ey 
| 
| 
| 
' | L) 
0,0025 | 00150 
| | 
| 
| 
| 
‘ | | 
0,0050 | 00200 
| | 
| 
| 
| 
' | 
0007s 
! | 
| 
| 
a 
00100 
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standards correspond to 0.0025 ; 
and between the remaining eig) | 
0.0050 mg. We were obliged to 
such an inerease in the size of the ag 
eight intervals because of the in: 
ing difficulty in differentiating bet 
the tones as the shades beeome d 
The standard circles ype 





and darker. ies, 
pared as deseribed are cut into healyes 
rf_ & ee, 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
iG ) 
at the diameter. The semicireles sre 


To obtain stand- 
the 


O.1 ce. respectively, 
ards 5 to S inclusive, one uses 
second suspension, taking 0.03, 0.04, 
O05, and 0.06 ce. IK i- 


nally, to obtain the last four standards, 


respectively. 


One the principal suspension, 


tukineg from it 0.035, 0.04, 0.045, and 


Uses 


(VOD ae ee respectively, 
The Intervals between the first four 


1) 


then glued on a sheet of paper so 
follow one another according to. in 
The 4 ; le 


represent 


creasing density of color. 
of standards 
Figure 3. To 
during the drying of the paste, 
an adhesive prepare 
mixtul 


Is 


such 
avold vellow. =! 
tO 
Wheat-flour or 


hest Use 


wood Of a 








with a solution of ammonia in 
easein paste). 
dark 


atmospheric sampling are also 


dises of soot obtained 

the diameter and one of the 
| . ircles is compared with the stand- 
A sample is laid beside the 


the dinmeter 


ale. 
2 ird semicireles at 
” oa whole ecirele is formed as in 
A eonclu- 
the 
inhaled by a 


pho ometrie comparisons. 
drawn 
‘itv of fine soot 


sion ean be concerning 
men working in the loeation under 
exumination. Three samples of soot 
flirates obtained under different con- 
dijions are shown in Figure 4. 
Sample A was obtained at a furnace 
ssoke-hole of a steamship, at the time 
when coal was being loaded. During 
‘he period 200° strokes of the piston 
of the pump were made and the volume 
700 ce. 
The preparation corresponded to the 
standard No, 4 in the seale. Assum- 
the the 
‘ine of work an average of 700 liters 


of eaeh stroke was. fixed at 


Ine that fireman inhales in 


of air during one hour, it may be con- 
clided that he inhales on the average 
lor such a period of time: 

1x 1000 * 700 


= ().05 me. of fine soot 


TOO & POO 


“ample B was obtained at a furnace 
ice-breaker at the 
At this period 200 
strokes were made, each stroke again 
Containing 700° ee. 


St e-hole of an 
eof cleaning. 


The preparation 
sponds to No. 7 in the 
Assuming the same ventilation 


eolor 


« lunes of the fireman as in the 
eding ense, we find that he. in- 
In an hour: 


LOO0 TOU 


= 0.125 mg. of fine soot 


(OO >& BOO 
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Sample C was obtained in the black- 
smith shop of a metallurgical works at 
the eupola. At this period 100 strokes 
made of 600 The 
sample corresponds to standard No. 9 
Assuming that the blaek- 
smith inhales 600 liters of air per hour 


were c.e. each. 


in the senle. 


while working, he inhales on the aver- 
nage for such a period of time: 


0.035 & 1000 & GOO 


= 0.35 mg. of fine soot 


HO00 * 100 


The 


method deseribed above are a mensure 


readings obtained by our 
of the quantities of fine soot actually 


inhaled by men working in given loea- 





tions and therefore are of interest 
aes 
oi, roy 
Sane 
a b Cc 
kia. 4 
from the hygienieal point of view. 


At the same time this method may be 
applied in comparing the degree of 
pollution from fine soot in any given 
place. Using the 
sc:le, the determination of the amount 
the filter is 


above standard 


of fine soot retained on 
quite accurate, 

If in the fine soot there is any admix- 
ture of foreign dust, which is not black 
in color, the colorimetric determina- 
tion of the fine soot may become less 
precise, especially in those cases where 
the admixture of foreign dust is con- 
siderable. In practice this sometimes 


happens, but its occurrence is: rare. 
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A rapid method is) deseribed and 
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